The behavior of fission products in sodium system was studied using a cold trap installed in the Toshiba Fission Product Loop, which is a stainless steel inpile sodium loop. The fission products were generated within the liquid sodium by irradiating UO2 fuel under sodium convection.
The present experiments were performed using the Toshiba Fission Product Loop (FPL), details of which have been reported elsewhere ") . The FPL consists of two independent stainless steel sodium loops. (a) for inpile experiments, containing natural UO2 fuel, (b) for sodium purification experiments with cold trap. These two loops are connected to the sodium dump tank.
Fission products are prepared by irradiation applied to the inpile loop under sodium convection. Figure 1 represents the flow diagram of the FPL cold trap system.
The cold trap (CT) is of conventional cylindrical form and contains a stainless steel wire mesh of 0.35 g /cm' density.
T he trap is cooled by air blower, the trap temperatures being measured at two positions with thermocouples (TC) inserted into wells of different depths. The dump tank (DT) and loop piping temperatures were also monitored by thermocouples suitably arranged.
An electromagnetic pump (EMP) recirculates the sodium containing the F.P. through the cold trap via a regenerative 
Cold Trap Operation
A cold trapping experiment was usually begun by flushing the cold trap with hot sodium for more than 4 hr at a temperature near 400-C. Upon this flushing, the oxygen concentration of the sodium was found to be about 80 ppm by weight, as determined by a plugging indicator attached to the inpile loop. The cold trap temperature was changed almost stepwisely by changing the air blower speed. Temperature equilibrium was usually established within 1 hr, after which the cold trap temperature was maintained constant for more than 3 hr. Dump tank heating was continued throughout a run, but its temperature was changed along with the cold trap temperature.
At a cold trap temperature of 120dc, the dump tank temperature lowered to 280-C at a sodium flow rate of 0.7 //min and to 220dc at 1.5l/min. Figure 2 shows a typical record of the operating temperatures at various points along the loop under a sodium flow rate of 0.7l/min. 4 .
Radioactivity Measurements
The r-ray spectra were measured at the dump tank and at the cold trap, using After cooling in the dump tank for 6 days, as already mentioned, measurements were made of the r-ray spectra of the F.P. contained in the sodium. The relative intensities of radioactivity of the F.P. entrained in the sodium differed from the values calculated on the basis of the relevant irradiation and cooling conditions : 131I and 132Te /132I showed the strongest radioactivity.
The radioactivity of "-La("-Ba) was lower than those of "II and '32Te/132I by almost one order of magnitude, while other nuclides, which were expected to show still higher radioactivity, such as 99Mo, 143Ce and 147Nd, were not even detected.
On the other hand, some long-lived nuclides were detected, which were considered to have been accumulated during previous irradiations : Compared with "'Cs, the radioactivities of 95Zr, 95Nb, 109Ru, "'Ce and 1"Ce were lower with a difference larger than one order of magnitude.
The differences between the calculated and observed relative radioactivities are considered to derive from the affinities of the F.P. with liquid sodium. Iodine and tellurium are known to dissolve in liquid sodium to form sodium compounds. Cesium mixes well with liquid sodium. The other F.P., which showed lower relative radioactivities, are, generally speaking, those that show very low solubility in sodium : The inpile loop piping after long cooling time showed a strong deposition of F.P. such as "Zr, "Nb, "ICe and 144Ce . Thus the residual radioactivity of the F.P. that showed lower values of radioactivity in the drained sodium, was considered to have deposited around the inpile loop piping due to poor affinity with liquid sodium or through strong adsorption on the inner surface of the pipes. Some F.P. had already deposited in the cold trap during previous sodium cleanup operations.
The dominantly present nuclide detected in the cold trap was "'I. A small amount of "Zr, "Nb, '"Ru and "0La("93a) were also detected, while "ICe and 114Ce were not discernible.
Upon flushing the cold trap with hot sodium, a considerable amount of '"I , 132Te/132I and "'Cs redissolved into the sodium and returned to the dump tank, while the trapped "Zr, "Nb, '"Ru and "-La("-Ba) mostly remained in the cold trap, even after flushing with sodium at 400-C. Figure 3 shows the typical cold trapping behavior of 'I at a sodium flow rate of 1.5 //min, and evidences the very effective Fission product radioactivity at different cold trap temperatures but further lowering below this level did not enhance 132Te elimination to any appreciable extent. The 'Cs in the dump tank did not change appreciably at higher cold trap temperatures, but at 120-C, about 70% of '"Cs in the dump tank was gradually removed. The other nuclides, "Zr, "Nb and 140La(140Ba) did not appear to show any appreciable response to cold trapping operation, either at the cold trap or at the dump tank. The data on "Zr, "Nb and '40La(1"013a) scattered prominently, due to the low counting rates, but in so far as discernible, the cold trap appeared ineffective for the romoval of these nuclides from the sodium in the dump tank. In order to examine the reversibility of the cold trap, the tests were extended into a reheating course as depicted in Fig It is seen that the reheating plots retrace the downward steps quite faithfully in the cases of 19 '"Te and 'Cs. 3 .
Sodium Draining Tests
The radioactivity measured in the cold trap under sodium convection would contain contributions from both trapped and dissolved F.P. In order to distinguish between these two kinds of F.P., additional tests were undertaken, in which, with all other conditions maintained unaltered, the cold trap sodium was drained after being left standing for about 5 hr at the relevant cold trap temperature under sodium convection, and the 1-ray spectra were measured at both cold trap and dump tank during the sodium convection and after sodium draining.
The results are presented in Figs. 5(a) and (b) in the same form as the two preceding figures, but for the cooling course only, and separately for the periods during sodium convection and after sodium draining from the trap. After draining, the sodium was allowed to stand for about 20 min, in order to achieve radioactive equilibrium between "'Cs and "'Bo.
The plots of Fig. 5(a) indicate that more than 80% of the "Na was entrained out of the cold trap with the draining.
Similarly, about 80% of 17Cs and 50% of "'I and 12Te were entrained out when the trap temperature was 390-C, but the fraction entrained of these three nuclides diminished with decreasing trap temperature, and below 280-C, the count rates came to be higher after than before draining, in the cases of 'I and 132Te. This inversion can be ascribed to removal of the shielding effect that had been provided by the sodium while present in the trap, while the fractions of these nuclides entrained out with the draining were negligibly small.
The remaining nuclides "Zr, "Nb and "-La (1A013a) showed little propensity to be entrained with the sodium except at the highest trap temperatures, at which an appreciable amount of entrainment is indicated from both Figs. 5(a) and (b). The vertical bars drawn on the plots reveal that the plots scattered considerably on account of the poor counting rates. These nuclides did not manifest any marked change during sodium convection. They must have been affected in some way during the draining of the sodium from the cold trap at the higher temperatures. 4 .
Cold Trapping Behavior of 103Ru, 141Ce and 144Ce
The radioactivities of 1"Ru, 'ICe and "ICe were too low to be discerned above the gross "Na activity after the 6 days cooling , so addi- Cesium-137 is in radioactive equilibrium with its decay product l'Ba and is measured by counting the 'Bo., whose half-life is only 2.6 min, calling for special care in the measurement under flowing sodium. The effects of sodium flow rate on the cold trapping behavior of 1"Cs/137"Ba were examined at the end of a long (6 months) reactor shutdown. Such an occasion favored the determination of "7Cs/197mBa, since it then constituted the major radioactivity in the loop, and the reduced interference of other nuclides produced better counting statistics. Figure 7 shows the effect of changes in the sodium flow rate on the 137m13a count rate in the dump tank. Loop temperatures also changed with the sodium flow rate, but the cold trap temperature was kept constant within +-5-C.
It is seen that the 137m13a. count Figure 8 shows the 13Ts/1a7"Ba count rate in the dump tank, measured after letting the sodium stand for about 30 min after stopping the sodium flow to allow radioactive equilibrium to be attained between '"Cs and n'Ta. The count rate changed with cold trap temperature in roughly the same manner as with 0.7 //min sodium convection in the earlier reversibility tests. This would imply that the cold trapping behavior of "'Cs at a sodium flow rate of 0.7 //min, as determined by 13"113a counting, could be validly utilized as measure for knowing the 137Cs behavior.
IV . DISCUSSION 1.
General Considerations Table 2 summarizes the ratios obtained for the F.P. count rates between that in the cold trap and that in the dump tank. The count rates at these two positions being roughly equal for "Na, these ratios would also serve as indication of the relative efficacy of the cold trap for removing the relevant F.P., at the indicated trap temperatures. The data given in this table concur with those from other cold trapping experiments in indicating the existence of two distinct groups of F.P. in the FPL cold trap loop : (a) Those susceptible to reversible cold trapping such as '"I, 1t2Te and 'Cs, and (b) those not susceptible to cold trapping such as "Zr, "Nb , '"Ru, 1"1..a("-Ba), 1"Ce and INCe. Major fraction of the F.P. of the second group remains within the inpile part of the FPL and 
T(dc). ( 4 )
This fit is shown in Fig. 9 In the present instance, no such surface deactivation was observed even after 2 years of experiment. The cold trap was never heated beyond 420-C, so that heat cycles conducted below this temperature would not appear to have any influence on the adsorption of cesium on the stainless steel surface.
( 3 ) K value of 132Te
The K value was calculated for '"Te in the same manner as for "'I, with the result shown in Fig. 11 . The plots, apart from scattering appreciably, do not appear to suggest the existence of a straight line between log K and 1/T(K).
And in fact no report is found in literature giving the value of K for tellurium in a stainless steel-sodium system. The only mention in this connection is that of a high tendency of 132Te to deposit The observed deposition of 'I and '37Cs at the cold trap was confirmed to be due to adsorption on the cold trap surface.
Calculations based on an adsorption model and using derived values of K can be applied to cold trapping behavior analysis of 'I and "'Cs .
After establishment of steady forced convection of liquid sodium, the concentration c, of the F.P. i in the sodium can be assumed to be constant for all parts of the loop. The amount a, .; of the F.P. i adsorbed in the region j of the loop is derived from the K function, and knowing also the surface area S, and the temperature T of the same region is aij=Ki(Tj)Sjci. Ai= SjKi(Ti)Sjci, ,
and the total dissolved F.P.
Ci-Ci V ,
where V is the total sodium volume. The total inventory I, of the F.P. i can be assumed to be constant during the cold trapping :
Ii= Ai+Ci=const.
The fractions C,/I, of 111I and "'Cs dissolved were determined using the derived values of K, from calculations for which the cold trap loop was divided into 10 regions. The solid lines in Fig. 12 represent the calculated 131I and "'Cs fractions vs. reciprocal of cold trap temperature.
The count rates of the 1311 and 'Cs observed in the dump tank during the cold trapping, are superimposed in the figure. It is seen that the dump tank radioactivity represents quite well the dissolved radioactivity.
The "'I radioactivities observed at lower temperatures are not reproduced in the figure, because an appreciable amount of 131I becomes adsorbed on the inner surface of the dump tank. The 1"Cs radioactivity values are those observed with the sodium flow stopped. This evidences the validity of the adsorption model to explain the cold trapping behavior of "'I and '"Cs. 4 .
Cold Trapping Behavior of "Zr, 'Nb , 10RRu and "-La("-Ba)
The major fraction of these nuclides released into the flowing sodium from the fuel remained within the inpile part of the FPL, deposited on the piping surface, and only a small fraction was transferred to the dump tank and the cold trap loop. These nuclides appear to have a strong tendency to adsorb on the stainless steel surface and to have very low solubility in liquid sodium. Only a small portion of these nuclides found their way into the cold trap, and the distribution ratios of these F.P. between the cold trap and the dump tank were lower than those of "'I, 1"Te and "'Cs, as is seen from Table  2 . The small tendency of these nuclides to pass into the cold trap is also seen to have resulted in fairly constant amounts being found in the cold trap, irrespective of trap temperature.
A slight difference in their counting rates was observed upon draining the cold trap sodium at temperatures higher than 300-C. The cause of this difference is not clear. The effect of oxygen, however, might have some relation. The cold trap loop contained about 80 ppm (weight) oxygen in the present instance, and can be considered to have dissolved in the loop sodium at sodium temperatures above 280-C. Further detailed considerations are rendered difficult by the poor counting rate, and we will limit ourselves in the present instance to the remark that the effect of oxygen dissolved in liquid sodium should not be ignored.
While the behavior of these nuclides is very important on account of their close relation to problems of radioactive contamination of LMFBR primary systems, the insufficiency of data available from the present experiments do not permit meaningful dis- (1) Most of the "'I, "2Te and ''Cs was carried into the cold trap loop upon draining the sodium in the inpile loop : these nuclides were reversively removed from the liquid sodium at low cold trap temperatures with negligible hysteresis.
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(2) The cold trapping mechanism of "'I and 'Cs is considered to be adsorption on the cold trap surface.
The distribution function on the cold trap surface was determined for 'I and 'Cs :
131 I : log K=(3 .08+-0.17)
-(0.0112+-0.0006). T(-C) 137 Cs : log K=-(4.55+-0.29) (1830+ 140) 1 /T(K).
(3) Other nuclides mostly remained within the inpile loop as pipe deposits and only a small part was transferred to the cold trap loop : Small amounts of "Zr, "Nb, 103Ru and lyta,104 LBa) were found to be removed by the cold trap, but the efficacy of cold trapping is far lower for these nuclides as it is for "'I and '37Cs. No traces of 141Ce and 1"Ce were found in the cold trap, although small amounts of these nuclides were detected in the sodium dump tank.
